Background:
INTRODUCTION
Opioids analgesics are the most common analgesic drugs used for the management of severe pain. Opioids have always been considered the best option for the treatment of severe postoperative pain due to their high efficacy and good tolerability. Recent evidence-based clinical guidelines recommend a multimodal approach, using a neuraxial mixture of a strong opioid plus a local anesthetic, to improve the global analgesic effect, minimize adverse effects and to improve the overall patient satisfaction after major surgery [1] . However, a spinal opioid administration does not guarantee segmental analgesia in the spine without systemic adverse effects such as nausea, pruritus, urine retention and respiratory depression. The reason for these undesirable secondary effects could either be partial reuptake to the systemic blood circulation by epidural vessels or drug clearance from cerebrospinal fluid (CSF). In both cases, opioids reach brain receptors and produce centrally mediated analgesia [2] . Published evidence from clinical studies indicates that opioid bioavailability in the spinal cord biophase (percentage of an opioid drug that joins specific receptors on Rexed lamina II in the dorsal horn) is negatively correlated with liposolubility. Bioavailability is therefore higher for hydrophilic opioids like morphine than for lipophilic ones like fentanyl and sufentanil [3] . It has been observed that less than 5% of sulfate morphine, which is epidurally administrated as a bolus, could reach this biophase. The relationship between the analgesic effect of intravenous and intrathecal morphine is 1/200, so that 100-mcg intrathecal morphine corresponds with 20 mg given intravenously. These lower doses and more targeted delivery make spinal opioid administration an attractive way of improving postoperative pain scores [4] .
Pruritus is a very disturbing secondary effect that appears after epidural or intrathecal administration of opioid drugs especially in the management of postoperative pain. It is induced by the activation of mu opioid receptors and it can often be even more unpleasant that the pain being treated. The overall incidence of pruritus ranges from 40.6% to 90%. The incidence of pruritus after spinal opioid administration is higher in postpartum patients (83%) than in non-pregnant patients (69%) including males and females [5] . Pruritus begins shortly after opioid-mediated analgesia with the onset depending on the type, route, and dosage of opioid used. Pruritus invoked by lipid-soluble drugs such as sufentanil and fentanyl presents shorter duration and the addition of local anesthetics and the use of the minimum effective dose seems to decrease the prevalence of itching. On the other hand, pruritus invoked by intrathecal morphine is of longer duration and is hard to treat. Pruritus, start on the trunk, nose, around the eyes and is usually located in areas of the face innervated by the trigeminal nerve. Both pruritus prevention and treatment remain a challenge in the management of patients receiving spinal opioids for postoperative pain. A wide variety of drugs with different mechanisms of action have been used with widely varying results and specially focused on its prevention (Fig. 1) [6] . 
DISCUSSION
Pruritus occurs in patients with very different underlying diseases as it is caused by various pathologic mechanisms. It can be present in patients suffering from uremic pruritus, cholestatic pruritus, HIV-associated pruritus and opioidinduced pruritus. In palliative care patients, pruritus is not the most prevalent but is one of the most puzzling side effects of opioid use. It can cause considerable discomfort and affects patients' quality of life. In a recent Cochrane Review published in 2016 (50 studies, n=1916 patients) there was not enough evidence to indicate any possibly useful treatment for particular causes of pruritus. These included gabapentin, nalfurafine and cromolyn sodium for itch associated with chronic kidney disease, and rifampicin and flumecinol for pruritus related to liver problems. Paroxetine may be useful for palliative care patients although evidence was only available from one study. Overall, most of the drugs caused mild side effects. Moreover, naltrexone showed by far the most side effects, and overall evidence ranged from very low to moderate quality [7] .
The primary mechanism of neuraxial opioid-induced pruritus is unclear. To date, many mechanisms have been postulated and include the presence of "Trigeminal itch center" in the central nervous system, the medullary dorsal horn activation and antagonism of inhibitory transmitters, the modulation of the serotonergic pathway, and finally, the theory that links pain and pruritus. It seems that pain and pruritus are transmitted by the same sensory neurons, namely small unmyelinated nerve fibers (C-fibers), and the consequent release of prostaglandins (PGE1/ PGE2) enhances C-fiber transmission to the central nervous system, which potentiates pruritus [8] . Moreover, it has also been demonstrated in animal studies that activation of mu opioid receptors (MOR) induces pruritus, but MOR antagonist and kappa opioid receptors (KOR) agonist decreases this unpleasant scratching feeling. In this review letter, we discuss the need to include mixed opioids, kappa agonists/ μ antagonist like butorphanol and nalbuphine in evidence-based practical clinical guidelines [9] .
OPIOID RECEPTOR ANTAGONISTS
MOR is either responsible for pain modulation or some side effects, like pruritus, nausea and vomiting or respiratory depression. Therefore, MOR antagonist drugs should be the first line for all spinal opioid-induced side effects management, but a narrow clinical range is observed to maintain residual analgesia [6, 8, 9] .
Nalmefene is a MOR antagonist drug developed in the seventies that has mainly been used for the treatment of opioid overdose and alcoholism. It also has good results for the treatment of established pruritus induced by neuraxial opioids in primates. Ko et al. demonstrated as a single prophylactic dose of 32 μg/kg nalmefene were very effective in reducing pruritus but also intrathecal morphine-induced analgesia. It developed an apparent deviation to the right of the dose/response curve in primates studied against both clinical parameters. This fact demonstrated that the therapeutic window is close to the production of analgesia and pruritus, both mediated by MOR [10] . Clocinamox, a selective MOR antagonist pre-treatment in an animal model, inhibited scratching induced by spinal opioids in primates, but the KOR antagonist binaltorfimina or the delta opioid receptor (DOR) antagonist naltrindol did not produce this clinical effect. This fact would explain the great antipruritic role of MOR antagonists [11] . Accordingly, some studies have evaluated the efficacy of naloxone, naltrexone and methylnaltrexone in the prevention of pruritus, but results observed were variable. A small dose, intravenously or in infusion, naloxone has the greatest evidence for pruritus prevention in the adult patient. Moreover, a continuous infusion is expected to produce less fluctuation of concentrations than a bolus injection and compensates for the short half-life of naloxone [12] . The results showed how an intravenous dose of 0.25 to 1 mcg/ kg / h was the most efficient dose range without affecting the analgesia. An excellent systematic review including 834 patients [13] concluded that the intravenous naloxone was an active drug in the treatment of either pruritus or nausea induced by spinal opioids, without increasing the pain score. Higher doses at 2 mcg/ kg / h were more likely to lead to the reversal of the analgesia and therefore should not be widely used in clinical practice. Another metaanalysis [14] about the efficacy of intravenous naloxone, either as a continuous infusion or patient-controlled analgesia, for postoperative pruritus, revealed that naloxone was associated with a significant decrease in pruritus or nausea without any increase in pain scores. However, a review from the University of York criticizes these results. Their DARE reviews system (Database of Abstracts of Reviews of Effects) states that due to the heterogeneity of the studies included in this systematic review, the high percentage of methodological limitations and the poor evidence base suggest that these conclusions about naloxone efficacy may not be reliable.
Moreover, another recent meta-analysis published in 2016 demonstrated the effectiveness of naloxone in the treatment of the opioid drugs adverse effects. 30 studies including 1138 patients were included in this meta-analysis. An exhaustive pooled analysis concluded that naloxone significantly reduced the occurrence of either pruritus (risk ratio RR = 0.252, 95%, confidence interval CI = 0.137-0.464) or vomiting (RR = 0.338, 95% CI = 0.192-0.593). However, naloxone did not relieve pain (standardized mean difference SMD = -0.052, 95% CI = -0.453 to 0.348) and somnolence (RR = 0.561, 95% CI = 0.287 to 1.097). Additionally, there was no significant publication bias between the included studies (Begg test, P = 0.602; Egger test, P = 0.388). After a careful selection, only six studies, which examined the effects of naloxone in opioid-induced pruritus, were included. The spinal route was used in four of them, and the systemic one in the two lasted studies. The analysis finally concluded that there was a high and significant heterogeneity between the included studies (I 2 Index=60.3%, p=0.027), so the meta-analysis was based on the random effects model, so the data must be observed with caution. The results indicated that the incidence pruritus rate was significantly lower in the naloxone group versus the control group. The author´s conclusion was that naloxone might act as an effective strategy for either treatment or prophylaxis of opioid-induced pruritus, nausea, and vomiting in clinical practice [15] .
However, under the conditions of a recent study, a single dose of 12 mg subcutaneous methylnaltrexone did not reduce the overall pruritus severity among an obstetric population after receiving 100 mcg of intrathecal morphine plus fentanyl 15 mcg for cesarean delivery. Prophylactic treatment with a peripheral mu antagonist was ineffective for the treatment of intrathecal morphine-induced pruritus, although a small clinical effect should not be excluded [16] . Similar results were found in an orthopedic surgery study. In this study, subcutaneous administration of methylnaltrexone was not effective in reducing postoperative urinary retention and pruritus, but it reduced the incidence of either nausea or vomiting after intrathecal bupivacaine and morphine [17] .
MIXED OPIOID RECEPTOR AGONIST/ANTAGONIST
Mixed opioid KOR agonists / MOR antagonist such as nalbuphine or partial agonists as butorphanol and pentazocine have a great potential to mitigate the adverse effects and to improve the analgesic effects of opioids. The experimental studies on macaccus rhesus have demonstrated that both MOR antagonists and KOR agonists are useful in relieving itching induced by the intrathecal morphine-induced in primates [18] . It is logical to propose to translate these good results to human clinical practice if the available current literature on animal models demonstrates this fact.
Pentazocine and Butorphanol
Pentazocine's and butorphanol's effectiveness has been studied in the management of opioid-induced pruritus with positive results [19] . A randomized trial that investigates the effectiveness of pentazocine for the treatment of pruritus associated with the intrathecal injection of morphine concluded that 15 mg intravenous pentazocine was superior to 4 mg intravenous ondansetron. Pentazocine also had a lower pruritus recurrence rate [20] . A recent systematic review on the effectiveness of butorphanol included 16 trials, and 795 patients were analyzed [21] . Butorphanol reduced opioidinduced pruritus either by intravenous or epidural routes with an RR of 0.22 (95% CI 0.10 to 0.45) and RR 0.24 (95% CI 0.16 to 0.36), respectively. When using epidural butorphanol, the number of patients seeking itching rescue treatment was reduced (RR 0.57; 95% CI 0.41 to 0.81). Butorphanol also diminished the intensity of postoperative pain at four, eight and 12 hours, as were measured VAS score (visual analogue scale) differences of -0.29 (95% CI -0.52 to -0.05), -0.30 (95% CI -0.56 to -0.04) and -0.23 (95% CI -0.46 to -0.01). However, epidural but not intravenous butorphanol reduced postoperative nausea and vomiting (PONV) (RR 0.35; 95% CI: 0.19 to 0.66). Moreover, butorphanol did not increase respiratory depression (RR 0.71; 95% CI 0.31 to 1.63), dizziness (RR 2.45; 95% CI 0.35 to 17.14) or drowsiness (RR 0.71; 95% CI 0.22 to 2.37). The authors´ conclusion was that butorphanol administered with morphine might be an effective strategy to prevent itching due to its effect of reducing the intensity of the pain and PONV without increasing other side effects during the perioperative period.
In another study not included in the last meta-analysis, it was demonstrated that continuous epidural bupivacaine 0.1% plus butorphanol 0.004% at a rate of 2 ml/h, in patients undergoing elective cesarean section, decreased either incidence or severity of 100-mcg intrathecal morphine-related pruritus without adversely affecting the quality of postoperative analgesia. The impact of pruritus at 48 h was significantly lower in the butorphanol group (16.3 vs. 52.5%; p< 0.001). Furthermore, compared with the saline group, the pruritus severity was also more moderate with epidural butorphanol at 3, 6 and 9 h (p < 0.008) [22] .
Nalbuphine
Nalbuphine hydrochloride is a potent opioid analgesic essentially equivalent to that of morphine on a milligram basis. Recent studies show that Nalbuphine binds to mu, kappa, and delta receptors, but not to sigma receptors so it can be defined as primarily kappa agonist/partial mu antagonist analgesic. Nalbuphine onset of action occurs within 2 minutes after intravenous administration, and in less than 15 minutes following subcutaneous or intramuscular injection. The plasma half-life is 5 hours, and in clinical studies, analgesic activity has been reported to range from 3 to 6 hours. Nalbuphine is ten times as potent as pentazocine referring to opioid antagonist activity. Nalbuphine may produce the same degree of respiratory depression as equianalgesic doses of morphine. Moreover, Nalbuphine exhibits a ceiling clinical effect such that increases in a dose greater than 30 mg do not produce further respiratory depression, always in the absence of other CNS active medications affecting patient respiration [23] .
In a 2016 systematic review on nalbuphine [24] , 1129 patients among ten studies met all the inclusion criteria. Among them, nine of them were randomized controlled trials and one a clinical case report. Pruritus incidence was higher in the group of patients who received spinal opioids versus those in the intravenous group. Nalbuphine provided the greatest effectiveness in the treatment of opioid-induced pruritus, compared with control, placebo or pharmacological agents such as naloxone, diphenhydramine, and propofol. There was no attenuation of the analgesia or increase of the sedation with small doses defined as 25% to 50% of the dose to treat the pain intravenously (2.5 to 5 mg versus 10 mg). This drug was also associated with a reduction of PONV and respiratory depression. The author´s conclusion was that nalbuphine is the best option to treat opioid-induced itching in patients receiving neuraxial opioids for acute pain related to childbirth or surgery. The author also recommended that nalbuphine should be used as a firstline treatment for opioid-induced pruritus.
Therefore, why do pain physicians not routinely use mixed opioids like nalbuphine for the prevention of neuraxial opioid-induced pruritus?
Maybe the essential fact is that there is a general lack of well-designed randomized trials in most common fields of surgery. Moreover, Januzzi RG explained the lack of transfer of these findings to the clinical practice due to other several factors:
The absence of a clinical guidelines based on the evidence in this field.
1.
The counter-intuitive fact of dealing with the adverse effects of an opioid with another opioid drug.
2.
The off-label use of nalbuphine for the treatment of pruritus.
3.
The higher price of nalbuphine compared to other alternatives in the North American market. 4.
There are a few economic implications with this new evidence that need consideration [24] . The cost of nalbuphine is substantially higher than the other commonly used antipruritic agents, such as diphenhydramine, but it is much lower than naloxone and propofol. For instance, a vial of IV nalbuphine (20 mg/mL) can cost approximately three times more than an IV diphenhydramine (50 mg/mL), $6.24 versus $1.90, at an average wholesale pricing. In contrast, intermittent IV nalbuphine is very economical compared with utilizing naloxone infusions, as the cost of naloxone alone is substantially higher at $18.90 per single dose. This fact is due to the associated cost of the IV administration set, saline solution, and infusion pumps, nursing labor to set up and monitor the patient, and finally titrate infusion. For those patients receiving mu-opioids drugs, treatment of pruritus with nalbuphine may increase their satisfaction with overall hospital care an outcome of interest to the third party payers and health care administrators. Low-dose nalbuphine is less sedating when compared with other antipruritic pharmacologic agents, such as ondansetron, diphenhydramine, and propofol. By eliminating or minimizing the use of these more sedating agents, patients are more likely to be awake and more able to participate in rehabilitation; and most importantly, the risk of respiratory depression associated with the additive sedation side effect of opioids, when combined with antihistamines and antiemetics, is decreased. Therefore, nalbuphine may facilitate timely discharge to home and prevent incurring the high cost associated with severe adverse outcomes, such as critical care admissions, death, or both.
The label text from NALBUPHINE ® describes clinical use of this drug as follows (revised on September 2016) [25] : "Nalbuphine by itself has potent opioid antagonist activity at doses equal to or lower than its analgesic dose. When administered following or concurrent with mu agonist opioid analgesics (e.g., fentanyl, oxymorphone, morphine), nalbuphine could partially reverse or block opioid-induced respiratory depression from the mu agonist analgesic. Nalbuphine hydrochloride might precipitate withdrawal in patients dependent on opioid drugs. Therefore, it should be used with caution in patients who have been receiving mu opioid analgesics on a regular basis."
As a consequence, Nalbuphine injection by intramuscular, subcutaneous or intravenous is only indicated for the management of moderate to severe pain enough to require an opioid analgesic and for which alternative treatments are inadequate. This opioid can also be used as a supplement to intraoperative balanced anesthesia, for postoperative analgesia, and for analgesia during labor and delivery in obstetrical patients older than 18 years old. Therefore, routine use of nalbuphine for opioid-induced pruritus in the postoperative setting is an "off-label" use and contra-intuitive in clinical practice. In a recent systematic Cochrane review about nalbuphine for the management of pre and postoperative pain in children, the overall quality of available evidence was weak, so could not definitively show that the analgesic efficacy of nalbuphine was superior compared to placebo. Therefore, this drug is not widely used in pediatric anesthesia except for sedation during diagnostic procedures, because of a ceiling effect that does not cause a respiratory depression [26] .
With nalbuphine as the first-line treatment of opioid-induced pruritus, studies are needed to determine the dosing regimen that provides the maximal reduction of pruritus without affecting analgesia or increasing sedation. Recently, in a dosing study with n=90 parturient with intrathecal morphine after cesarean section, nalbuphine 2, 3 and 4 mg were compared regarding treatment efficacy, with treatment success rates at 87%, 97% and 100%, respectively. No significant differences between groups were observed in the percentage of success, or in adverse effects. However, pain score was significantly increased (P=0.004) with a nalbuphine dose at 4 mg. The authors subsequently recommended an optimal nalbuphine dose of 2 to 3 mg. Moreover, either intravenous nalbuphine (4 mg) or ondansetron (4 mg) was more effective than placebo for the prevention of pruritus. Indeed, nalbuphine was preferred to ondansetron because it was not excreted in the breast milk [27] . When the intramuscular route is used, 10 mg prophylactic nalbuphine was effective in decreasing the incidence and severity of pruritus and did not affect analgesia after cesarean surgery [28] . In this study, Nalbuphine proved better than diphenhydramine for prevention of epidural morphine-induced pruritus in patients who underwent cesarean section. 
CONCLUSION
A large variety of drugs have been evaluated for the treatment of adverse effects induced by neuraxial opioids administration in the management of postoperative pain. Most of them have been discussed in recent years in systematic reviews, clinical trials or case reports articles, but results have been inconclusive. Since these drugs have not been enough studied in non-human primates, there is no translation from the results to evidence based clinical guidelines. These pharmacological studies suggest that Rhesus monkeys can and must serve as a surrogate species for human beings in preclinical studies to identify effective treatments for opioid-induced pruritus prevention. MOR antagonists
Opioid mu agonist
• Epidural or Intrathecal morphine • Neuraxial fentanyl or sufentanil
Prophylactic mixed opioid
• Epidural butorphanol 1-3 mg • Intravenous Nalbuphine 4 mg • Subcutaneous Nalbuphine 10 mg ADVERSE EFFECTS REDUCTION Less incidence of PONV and PRURITUS SIMILAR ANALGESIA like naloxone are the most effective drugs to reverse either pruritus or other secondary effects such as PONV and respiratory depression, after spinal opioids administration. However, a narrow action range is described for this group of drugs, and they can also reverse the analgesic effect. Despite this, the accumulated pharmacological experimental and recent clinical published evidence suggests the use of MOR antagonists and mixed mu and kappa partial agonists drugs, as the most efficient treatment for spinal opioid induced pruritus while maintaining analgesia. Moreover, partial or mixed agonist/antagonist opioids like intravenous or epidural butorphanol (1-3 mg) and nalbuphine (2-4 mg iv) have demonstrated the greatest effectiveness in the prevention and treatment and should be considered as the first-line treatment of pruritus induced by the neuraxial opioid administration (Fig. 2) . 
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